Introduction
During the past few years, there has been a significant increase in the level of effort directed toward the analysis of unsteady turbulent boundary layers. A wide range of theoretical methods have proliferated during this period, while the existing experimental data base has been meager, scattered, and disparate. Several experimental programs are presently under way to produce further experimental data for use in comparison to theory, but the data base is still widely dispersed.
Since such a wide range of experimental data exists without a strong common pattern, there is an increasing need for central documentation of the various results.
In this way, the various research efforts would be more readily available, and comparison of the results can be facilitated. Several workshops on unsteady turbulent boundary-layer experimental research have been organized by the present author. During these workshops, it has become increasingly clear that a careful review of the existing data, as well as a documentation of the current experimental programs in a single source, would be of great value to future endeavors in this area. To satisfy this need, an AGARDograph has been prepared which catalogs all the pertinent sources, much of the relevant data, and indications of future studies. A comprehensive international literature search has been performed, identifying those groups who have actually published work in the subject area, as well as disclosing sources that have valuable but unpublished data appropriate to the present subject. Selected research personnel in the United States and several European countries have been visited to discuss and obtain pertinent data sets and descriptions of experiments. The data from these various sources are now cataloged and prepared in a form appropriate for general distribution and analysis; more than 40 pertinent experiments are reviewed.
In the present paper, highlights from the AGARDograph are presented, including description of both past and present experimental programs. The types of experimental data that are available are discussed, and experimentally observed characteristics of unsteady turbulent boundary layers are assessed.
Guidelines for future experiments are presented.
Types of Experimental Facilities
The procedure for experimentally modeling an unsteady viscous flow problem in a laboratory is always a difficult task. In fact, the ingenuity that has been demonstrated by the various experimentalists is quite impressive. A brief review of some examples of tunnel design will indicate the range of techniques that have been employed. The first type of facility, shown in These are only a few examples of the techniques used to produce oscillatory flow in the laboratory. The interested reader is referred to the AGARDograph ; (Carr, 1981) for descriptions of the many other facilities that have been
devised. These techniques demonstrate the novelty of the various designs; they also show that the generation of unsteady flows in the laboratory is a very difficult and complex task. Each of the facilities discussed has both benefits and limitations; no one design is clearly better than the others.
It is important to realize that results obtained in facilities having such diverse design and performance characteristics as these should be compared with special care. particularly those with instantaneous ensemble-averaged data, there certainly are experiments that have not been discussed or were overlooked completely.
These omissions were definitely not intentional. Please send documentation of these experiments to the present author for inclusion in the data bank and catalog. Figure 7 shows the format used to document the various experiments presented in the AGARDograph. The information indicated in this figure is recommended as a minimum level of documentation that should be recorded for any future unsteady turbulent boundary-layer experiment.
Data Acquisition and Analysis
The acquisition of data for an unsteady turbulent boundary layer can be a In addition, the phase-averaged signal contains detailed information about Figure 13 presents the measured turbulence intensity and Reynolds shear stress at various parts of a cycle of oscillation. Note that even though significant variations appear in these quantities, the ratio of the shear stress to its component turbulence intensities remains constant at a value equivalent to that of steady flow (Fig. 14) .
Thus, under certain conditions, steady flow tur- 
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However, there is a class of problems that depends strongly on the character of the Stokes layer. In many situations, no data other than wall shear stress and pressure distributions can be measured. In these cases, prediction of the boundary-layer behavior will directly depend on the ability to 
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The results for one of these, S6 = f6/U, are shown in Fig. 19 
The experiments that provide instantaneous boundary-layer measurements
are described in detail in an AcARDograph (Carr, 1981) . This ACARDograph contains all the digital data presently available for these experiments.
However, many of the experimental results no longer exist in digital form.
3.
There are certain trends which can be determined based on the existing experiments.
(a) The time-averaged mean velocity profile is almost always the same as the velocity profile that would occur in a steady flow having an equivalent mean external flow velocity. However, even though these mean profiles are the same, there may be strong ical unsteady viscous flow effects present.
(b) In many cases, the turbt 1 ,ent structure in the oscillating flow is not changed from the equivalent steady-state counterpart.
(c) The unsteady effects are often confitied to a thin layer near the wall, while the outer region of the boundary layer is not strongly affected. 
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